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Introduction

The Institute of Geophysics and Planetary Physics of the

University
extend the

} NsG 2L9-62

of California, Los Angeles, provoses to continue and
research work being performed under NASA Research Grant

for research in Particles and Fields in Space.

T ', ))))))) . . i
- This onsists of threc vparcts: //)
Part I: The latest semiannual progress revort on research per-

Part II: A future resear 5}

e performed
£ IASA Research Grant
the per-

formance of this research.

, Part III: A complede description of the iment on solar and
galactic cosmic rays y represents a portion of the future
research activity. L A
It is not anticipated that the work under this proposal will require

This g:ggéz;l,has not uwen submitted to any other Federal agency.



PART I

Semiannual Report on NASA Research Grant NsG 2k9-62,

for the Period July 1, 1963 - December 31, 1963

A, Work Progran.
NASA Research Grant KsG 249-62 was awarded to the Institute
of Gecnhysics and Planetary Pnysics of the University of California

%]

t Los fngeles on March 1, 1962 for the sunvort of a space instr-
ument development program. The chicl objective of this program
was to permit participation of the scientific community at UCLA

in the U.S. Symace Program. The participation of graduate‘students

at the University has always been z basic part of this rescarch

cffort.

The report on this grant submitted by Thomas A. Farlc: to
JASA on April 1, 1963 summarized the accomplishments of the first
vear of the grant. Descriptions of our instrument develcpments
were included., These develovments made possible our participation

N

in the Ranger 7-9 program for which we, in a joint experiment
wilh Space Technology Laboratories, Inc., éonstrugted, calibrated,
and delivered a prototype and four flight covpies of an electron-
nroton spectrometer. This exveriment was cancelled because of a

1TASA decision to concentrate on the primary mission objectives of

Ranger 7-%.
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Our proposal for a renewal of the grant was accepted on
July 1, 1963, and provided a step-funding arrangement for a three-
year period at approximately the same annual rate of expenditure
as the‘original grant. The proposal for the renewal outlined a
complete program of research in fields and particles. Our group
had been strengthened by the addition of Mr. Paul J. Coleman, Jr.,
one of the experimenters on the successiul Mariner IIvehicle., The
program of research which was outlined in the proposal included
both the preparation for further opportunities within the NASA
flight programs, and the reduction and analysis of Mariner II and

other related magnetometer data.

This report is a description of the work carried out under

this grant since the last report cubmitted April 1, 1963.
B. Charged Particle Research

The experience gained in the construction and calibration of
the Ranger 7-9 electron-proton spectrometers was put to use in
the preparation of proposals for an electron-proton spectrometer
for both Block IV and Block V of the Ranger spacecraft. These
instruments, while modified in some respects as a result c?
experience gained on the Ranger 7-9 instruments, were de.: ool
tc make the same measurements by the same technigues whic’ -
been employed earlier. The recent cancellation of all ol . 3pa
craft for which these two proposals were intended "has elin - ted

any wossisility of carrying out this experiment on a Ranger vehicla




A proposal for essentially the same experiment, with appropriate
modifications to meet vehicle requirements, was submitted for the
Pioneer spacecraft. This proposal was not accepted. A somewhat
different version of the experiment, designed especially for
observations in the very interesting region near the boundary of
the magnetosphere, was provosed for the IMP-D spacecraft. This

proposal has not yet been acted upon.

During the year 1963 an opportunity became available to parti-
cipate in a Department of Defense space racdiation investigation. A
dosimetry experiment was conceived by Northrop Space Laboratories
to verify certain calculations made by them under an Air TForce
contract. This experiment required that measurements dbe made
simultaneously of the geophysical environment and of the radiation

dose within a spacecraft in the inner zone of trapped radiation.

The Institute of Geophysics designed five instruments or the
measurement of the charged particle en&ironment using the tecizniques
developed under the present NASA grant, and employed in flight
proposals made to HASA. Prototypes and flight copies of these five
instruments were built at Northrop Space laboratories with Iuxnds

received from the Air Force. The construction and testing of these

C3

instruments took place under the supervision of Charles Ecnjamin
Vac Chapman, and Thomas Farley of the Institute of Geophyrsics. The
instruments were calibrated using the linear proton accelerator

at the University of Southern California, and radiocactive sources



at UCLA. The delivery of all instru
be completed by the end of TFebruary,

scheduled to be placed in orbit duri

The five instruments are as fol
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solar processes. These scientific questions were outlined in a
proposal submitted to NASA to make these abundance measurenments
with our instrument on the Pioneer spacecraft. The proposal was
not accepted, apparently because the instrument had not been built
and tested in flight. We expect to cons£ruct and test flight pro-
totypes of this instrument on any balloons, sounding rockets, and

polar orbiting satellites on which we can obtain space.

In order to utilize our capabilities both in charged-particle
and magnetic field research, we have designed another experiment
to study hydromagnetic waves and their effects-on geomagnetically
trapped particles. We feel that this simultaneous study of both
the fields and particles is likely to be a particularly fruitful
technique for further advances in scientific knowledge. The
experiment has been designed to take full advantage of the zigh
bit-rate capability of the NASA orbiting geophysicél observatories.,
The data which we propose to obtain can be used to calculate the
frequency specfrum of the magnetic and particle disturbances up to
several cycles per second. This instrument has been proposed for
inclusion on the EGO-3? spacecraft. No decision has yet been made

by NASA on this proposal.

Details of the instrumentation and circuits have been included

in the proposals for the individual instruments.



In addition to the flight instrumentation research, we have
undertaken the computer programming of several useful computations.
A program for the theoretical calculation of the lonization energy
loss and range of charged particles in any element has been obtained
from Professor H. Bichsel of the University of Southern California.
This progranhas been modified so that these calculations may be
made correctly for mixtures and compounds as well as pure elements.
The modified program will be useful not'oﬁly in experiment design
and spacecraft shielding calculations, bﬁt also in a wide range

of problems commonly encountered in nuclear physics.

Further work has been done on an original program for the
calculation of equatorial pitch angle distributions from measured
omnidirectional intensities on a given L shell. Ve expect to use
this program to calculate and studyAsuéh distributions, using data

already published in the literature.
C. Magnetic Fields Research

The purposes of the work under this project are the development
of instruments with which to study magnetic and hydromagnetic
phenomena in the magnetosphere and beyond, and the analysis of

data obtained with such instruments.

tlork on this project to date may be divided roughly into four

categories:

1. Reduction and analysis of data from the Mariner II magnetometer.



2. Analysis of data from earlier experiments which complement
the Mariner II experiment, as well as the reduction and analysis
of data concerning phenomena which may be éorrelated with the
variations in the interplanetary magnetic fields observed with

Mariner II.

3. Preparations for an experiment to measure the magnetic field
of Mars and to study the interplanetary medium during the 1964

Mariner mission.
L, Development of new instruments.

In the first category, the major part of our work has been devoted
to the preparation and execution of computer programs which are used
in the reduction and analysis of the data from the Mariner II
maznetometer experiment. FExamples of such programs follow: () A
program which involves corrections for the effects of the solar panel
failure. This failure added several complicating modes of instrument
operation. (2) A machine program, already completed, which generates
nistograms for various quantities of interest which may be obtained
from the magnetometer data, thus providing an immediate grapihical
representation which indicates the distribution of any such quantity
over the quarter-million sets of measurements. (3) A completed program
which provides the orientation of the tangential éomponont of the

magnetic field based upon the trajectory and orientation data for the fiight.
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(4) A program which corrects for the rolling motion of the

spacecraft during the '"roll-period" of the flight.

The rest of the work in this fi:ét category has invoived the
reduction of preflight calibration and tést data as well as flight
data from which to obtain necessary corrections to the measured
field - values. To date, we have completed the corrections required
for the changes :in the measured field which were produced as a
result of the motion of the antenna hinge. Aiso, we have started
a program with which to process magnetometer data obtained during

periods marked by anomalous temperature readings.

As you are aware, only one of the experimenters on the Mariner II
magnetometer, P.J. Coleman, Jr., is at UCLA., Thus, the work at
UCLA in this first category supplements work at the Jet Propulsion
Laboratory and Ames Research Center which is being performed
simultaneously under the direction of the other three co-experimenters.
In this way wé hope to facilitate the completion of this rather

formidable data reduction task.

It should be mentioned that a substantial portion.of the work
at UCLA in this first category was performed by individuals who
were supported under NASA research grant NsG 237-62. The reasons
were first, that this work was a new project and was therefore set-
up, as are most new projects, under NsG 237-62 and, second, that

the grant NsG 249-62 could not have supported the entire effort.
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In the second category, most of the work has involved the
application of computer techﬁiques of analysis to the measurements
of magnetic fields which were obtained with Pioneer V in 1960.
Pioneer V and Mariner II have provided the only direct measurements
of the interplanetary fields (with the exception of the relétively
few measurements from Soviet spacecraft). More specifically, the
comparison of such measurements obtained during different pertions
of the solar cycle should be véluable. FUrtper,,since the Pioneer V
instrument provided relatively high sampling rates duriﬁg certain
periods of the flight, a careful analysis of the spectra of observed
interplanetary field variations should allow us to estimate whether
the Mariner sampling rate will be adequate for similar analyses.

In addition, filter and correlation programs which will be applied

to Mariner II data and to other data, such as the Kp indices, recorded
during the flight have been programmed and applied to sample sections
of these data. Also, studies of events recorded by certain of the |
other instruments aboard Mariner II, and possibly related to events
recorded on the magnetometer, have been started in collaboration

with the experimenters involved.

In the third category, preparations for magnetometer experiment
for the 1964 Mariner mission to Mars, our work has included monitoring
the magnetometer development and fabrication at Texas Instruments, Inc.,
in collaboration with the co-experimenters and with JPL personnel;
In addition, we have collaborated with the co-experimenters and

with Mariner Project Personnel at JPL to establish final design
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requirements for the magnetometer and the ground support equipment
required in the pre-launch tests, and to establish data handling

requirements, calibration procedures, and test procedures.,

In the fourth category, instrument development, we have under-
taken a feasibility study of a rocket magnetometer which would dis-
criminate between the field changes produced'by hydromagnetic distur-
bances and those produced by both the mdtion of the instrument
package in the geomagnetic field and-by magnetic noise generated
in the package itself. This work is part of a project of experimental
studies in magnetohydrodynamics, the remainder of which was supported

with funds from NsG 237.
D. Student Participation

A basic purpose of our research is to make it possible for
students to participate in scientific experiments within the rapidly
developing field of space science. The work performed under this
grant has provided an opportunity for participation in advanced

research by five UCLA graduate students listed below:

1. Daryoush Aalami
Mr. Aalami is a graduate studgnt in the Engineering Dcpart-
ment. He has designed, constructed, and tested a prototype
power supply and a specialized calibration pulse generator
for the instruments which have been developed under this

grant, Mr, Aalami ekpects to write a Ph.D., thesis on some
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. C .
aspect of electronic instrumentation developed within

our laboratory.

Mac C, Chapman

Mr. Chapman is a graduate student in the space science
program of the Geophysics Interdepartmental Curriculum.
He has participated in the design of the sensors for the
proposed experiments, as well as in the calibration and
check-out of the breadboards. Fr. Chapman hopes to use

the results of future flights for his thesis research.

Paul J. Coleman, dJr.

Mr. Coleman is a graduate student in the space science
program of the Geophysics Interdepartmental Curriculum.
He is presently involved in the reduction ancd analysis
of data from the Mariner II magnetometer experiment, as
well as preparations for a magnetometer experiment on
the scheduled Mariner ‘C spacecraft. Mr. Coleman expects

to incorporate some of the results of this work in a

Ph,D, thesis,
Mr. Neil Eskind
Mr. Eskind is a graduate student in the Engineering Depart-

ment. He is investigating the detection of low-energy

beta radiation with solid state radiation detectors, and
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is interested also in the collection and return of
micrometeorite material from spacecraft. He anticipates

a Pn.D. thesis in one of these areas of research.

5. Alan J. Eskovitz

A5 a part of the work in the development of rocket-borne
magnetometers, Alan Iskovitz, graduate student in eng-
ineering, has undertaken a detailed study of the character-
istics of nonlinear amplifiers which have been employed

in previous experimonfs. In particular, the response of
such amplifiers to signals with various types of power

spectra is to be determined.

All of the registercd graduate students whose support is pro-
vided by this grant arc employed as rescarch assistants in classi-
fications normally oven to graduate students under long-established
UCLA regulations. Their rates of pay are established by the Regents

~ oL L

of the University at levels approrriate to their classi

.cation

0]
.

N

4 considerable effort is made to assign research tasks which are
of special interest to the student, but the tasks themselves are
rot necessarily related directly or indirectly to the thesis

research which the student may eventually verform.
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D. Publications

Scientific articles of the investigators on this grant which
have appeared in print or are being prepared for publication since

the last semi-annual report include the following:

Smith, E.J., L. Davis, Jr., P.d. Coleman, Jr., and C.P. Sonett,

Mariner II magnetic field measurements ncar Venus, Science, 139,

909, 1963.

Farley, T.A., The growth of our knowledge of the earth's outer

radiation belt, Rev. of Geophys., 1, 3-34%, 1963.

Coleman, P.dJ., Jr., Characteristics of the region of interaction
between the interplanetary plasma and the geomagnetic field: Pioneer 5,

to be submitted to J. Geophys. Res., 1964,

Farley, T.A., The Van Allen radiation belts, in preparation

for the Encyclopedia of Earth Sciences.




